December, 1931. 


REGISTERED UNDER B.N.F. PATENT No. 308647, 1929. 


THE MOST ECONOMICAL 
CONDENSER TUBE IN 
THE WORLD. 


TUBES IN 


BRASS, COPPER, | 
ALUMINIUM, CUPRO NICKEL 
ALUMINIUM BRASS, 


and all 


NON-FERROUS ALLOYS. 


CONTRACTORS TO 
ADMIRALTY AND ALL GOVERNMENT DEPTS. 


THE YORKSHIRE COPPER WORKS LTD. 


LONDON: GLASGOW: 
53, NEW BROAD stT.,E.c.2 LEEDS, ENGLAND sTREET 


Telephone: 20031 (P.B.Ex.). Telegrams : ‘‘Tubes,” Leeds. 


1060066660000. 
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Westinghouse Rectifier feeding magnetic chucks. 


Magnetic Valves, 
Chucks, and 
Couplings. 


The Westinghouse Metal Rectifier is particularly 
adapted for supplying power to the windings of 
magnetic chucks, grinders, valves, etc. The 
rectifier and transformer combination may be 
attached to a wall or any convenient point, and 
leads can be taken direct to the chuck winding. 
The inductance of the circuit is quite sufficient 
to produce a steady flux ; and consequently there 
is no chatter and a consistent pull on the work 
is produced. 

Extensive tests made where the Westinghouse 
Metal Rectifier has been in constant service for a 
period of over five years show no deterioration 
or falling off in output. The efficiency remains 
the same as when the unit was installed, and the 
rectifying ratio is unaltered. 


Complete information is given in our booklet ‘‘D.P.11,’’ 
which will be sent to you on request. 


[WESTINGHOUSE 


METAL RECTIFIERS 


THE WESTINGHOUSE BRAKE & SAXBY SICNAL CO., LTD. 
York Rd., King’s Cross, London, N.1. *Phone North 2415. 


THE NEW DESIGN 
of 


“English Electric.” 


SURFACE TURBINE 
PLANT 


REDUCES COST OF 


Excavation and Foundations 
Erection and Auxiliaries 
Operation and Supervision 
Inspection and Maintenance 


WHILE INCREASING 
Simplicity and Reliability 
Accessibility 
Ease of Installing 
Ease of Upkeep 


WRITE FOR 
PUBLICATION NO. M. 56. 


ENGL 


ELECTRIC COMPANY LTD. 


Queens House, Kingsway, LondonsW.C. 2. 
Works: BRADFORD, PRESTON, RUGBY, STAFFORD. 
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VILDINGS and HANDLING PLANTS 
MITCHELL COM RN’ VIADUCT. LONDON 
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A Squirrel-Cage Motor fitted with 
a “Broadbent” Centrifugal Clutch 
Pulley or Coupling is Cheaper and 
More Reliable than a High Starting . 
Torque Motor. Moreover :— 


The Starting Current is Consider- 
ably Reduced, as the Motor is per- 
mitted to accelerate WITHOUT Load. 


Every User of Electric Motors 
should write for a copy of our 
New Catalogue containing 
additional Technical Data and 
further Applications. 


POST FREE on Request. 


Thomas Broadbent & Sons Ltd. 
Telephone HUDDERSFIELD Telegrams - 


1581 (4 lines) “* BROADBENT”’ 


IV 
\ 
WAN CENTRIFUGAL 
a ee 40 H.P. Motors fitted with “ Broadbent" Clutch Pulleys driving Coal Washing Plant. 
ZZ 
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DE LAVAL NON-AERATING OIL PURIFYING 


EQUIPMENT. 


By effecting centrifugal purifica- 
tion in a totally-enclosed system, 
absorption of moisture from a 
damp atmosphere is avoided and 
a very high dielectric strength is 
obtained. 


De Laval Non-aerating Trans- 
former Oil Purifiers are extensively 
used throughout the world and are 
now available in small, medium 
and large sizes. 


The small machines are ideal for 
effecting continuous purification 
of oil in large Transformers and 
Switches. 


A small size De Laval Non-aerating Oil Purifier supplied for operation 
in a damp mine. 


ALFA-LAVAL CO., LTD., 34, Grosvenor Road, London, S.W.1. 


ATTWATER AND 


PRESTON 
T-SPAN 


TRANSFORMER 


BOARDS 


The Toughest and Best 
of all Fullerboards 


(Complies fully with B.E.S.A. Specification.) 


(Established 1868) ENGLAND 


Average Breakdown on {'; in. material, 48°000 volts. Specific Inductive Capacity, 3. 
Shrinkage under 1%. Specific weight, 1°2. Absorption, 42°5% on Dry Weight. 
Made in Sheets ;', in, to | in. thick, and in Rolls ‘004 in. to °025 in. thick. 


MICA and MICANITE in all forms. BAKELITE. Actual 
makers of RESIN, VARNISH. Coated Papers and Cloths. 


Rolled and Moulded Tubes and Sheets of the highest quality. | 
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| Manufacturers of 


_ LEADS, PAINTS, COLOURS & VARNISHES 


| Specialists in Paints for 
MACHINE TOOLS and all kinds of MACHINERY 


 Puralb ” Strathclyde ” Strathclyde ” 
White Lead Enamel Filling up & Anti-corrosive 
Substitute. Dull Steel Grey Paints. Oxide Paints. 


Contractors to Home & Colonial Governments, leading 
Railway Co.’s, Car. & Wagon Builders, Engineers, &c. 


STRATHCLYDE WORKS, DALMARNOCK, GLASGOW. 


-STRATHCLYDE PAINT Co. LTD., 


Insulated wire unaffected 
by severe temperature rises 


Lewbestos insulated 
wire is unequalled—- 


for use in the manufacture and repair of coils for traction, 
mining and mill motors; lifting magnets and all apparatus 
subject to severe temperature rises. 


Withstands a test pressure of 1,000 Volts between turns 
after long period working up to 200° C. (392° F.). 


LEWBESTOS insulation is a pure Asbestos Fibre Insulation 
specially treated to remove all impurities, and it is moisture- 
proof and tough, but in spite of its toughness it will not 
crack cr break on sharp bends. 


LEWBESTOS 


REGD. 
PURE ASBESTOS FIBRE INSULATION 


THE LONDON ELECTRIC WIRE COMPANY AND SMITHS, LIMITED 
Church Road, Leyton, London, E.10. 


Telephone :—Leytonstone 3636. Telegrams :—Lewcos, London. 


Trade Counter and Cable Sales: 7, Playhouse Yd., Golden Lane, London, E.C. 1. 
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Distinguished by Service 


choice of the discriminating 
Industrialist — the product of the 
Company distinguished by Service: 


‘ENGLI 


ELECTRIC COMPANY LTD 


Queen's House, Kingsway, London, W.C.2 
Works: BRADFORD - PRESTON - RUGBY - STAFFORD 


Vil 
4 64 * > 
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PORCELAIN INSULATORS 


EXTRA HIGH TENSION AND LOW TENSION 
for 
OVERHEAD POWER TRANSMISSION, TELEGRAPH 


AND TELEPHONE LINES, BUSHINGS, ACCESSORIES, 
&c., IN HIGHEST GRADE ELECTRICAL PORCELAIN. 


“FISH-SPINE” INSULATING BEADS 
for Bare-wire Insulation 


TAYLOR, TUNNICLIFF & CO., LTD. 


Head Office: EASTWOOD, HANLEY, STAFFS. 


Telephone: Hanley 5272. Telegrams: Eastwood, Hanley. 


Works: HANLEY, STONE & LONGTON. 
London Office: 110, CANNON STREET, E.C.4. 


Telephone: Mansion House 7211. 


TRADE 


Grapes, AO. A10. A30.—BO. B10. B30. 


(To B.E.S.A. Specification 148/1927) 


As supplied to The English Electric Co. Ltd., and other large 
Transformer and Switchgear Makers. 


Suppliers of Transformer Oils to the various “Grid” Schemes, 
Corporations, Collieries, and some of the leading Industrial 


Concerns. 
FURTHER INFORMATION FROM: 


Spurrier. GLAZEBROOK & Co., Ltp., 
8, MARKET PLACE, MANCHESTER. 


Works & Laboratories: Worsley Street, Salford. 
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EK. N. MASON & SONS LIMITED 


THE MANUFACTURING DRAWING OFFICE STATIONERS 


“ Arclight”” Power Developing Machines 
FOR ALL DYE LINE PROCESSES. 


STANDARD MODEL No. N252 on CABINET STAND No. N272. 


This model develops prints at a uniform speed of 12 ft. 6 ins. per minute—12 seconds for a Double Elephant print. 

The Developer Trough and Constant Level Container are made of the finest stainless steel. The Developer Roller 
is 2 inches in diameter and comprises a heavy core with a } inch covering of ebonite. It will not whip and is prac- 
tically everlasting. It is mounted on bearings with spring bush to permit easy removal. 

The Lifter Bar or Contact Guide is a heavy ebonite pressing, adjustable to take any thickness of paper. 

The celluloid ‘‘ take-off ”’ fingers are mounted on eccentric collars, which are free to move along the supporting 
rod. Both rod and collars are heavily chromium plated. 

The Fractional H.P. Electric Motor and Reduction Gear Box are mounted as a single unit and direct coupled to 
the developer roller. 

The Feed Table, whitewood stained and polished oak colour, is provided with a spirit level and protected with a 
covering of highly polished stainless steel. 

The Supply Bottle, 20 oz. capacity, is light resisting amber glass. 

An Ebonite Tap is fitted to drain all developer from the machine, which should be done each night. 

Every part of the machine which can come into contact with the developer is made of stainless steel, ebonite or 
is chromium plated, eliminating all risk of rust or corrosion. All other machined or bright parts are heavily nickel 
plated. 

The Machine is completely wired and supplied with 9 feet of flex with adaptor to fit any standard lampholder. 

This new model isthe fastest in operation, the sturdiest in design and construction, and represents the finest 
value on the market. 


IT IS BRITISH MADE IN THE BEST SENSE OF THE WORD. 


No. N250 42 in. Standard Model for D.C. 200/250 volts sia 16 
No. N252 42 in. A.C. 200/250 volts 16 


ARCLIGHT WORKS, COLCHESTER, ENGLAND. 


LONDON — BIRMINGHAM — MANCHESTER — NEWCASTLE-ON-TYNE., 
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You can save 


TIME 
LABOUR 


EXPENSE 


BY INSTALLING 


REMOTE 

CONTROL 
EQUIPMENT 


Provides facilities for the central control 


and supervision of substation operations, 
thus allowing the most economical and 
efficient arrangement of plant and personnel. 


Write for a copy of Pamphlet No. 597A. 


SIEMENS BROTHERS & CO., LTD., — 
WOOLWICH, LONDON, S.E.18. 
Telephone: Woolwich 1161. 
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Connecting Tunbridge Wells to the “Grid” 


Sir Andrew Duncan, 
chairman of the Central 
Electricity Board, 
operating the control 


board of the 132+ kV. 


substation. 


The Mayor of Tun- 
bridge: Wells, Alderman 
Dennis, J.P., connect- 
ing the Corporation 
system to the Grid 


Supply. 


Mr. R. N. Torpy, M.I.E.E., the Borough Electrical, Engineer, in the centre of a group of guests. 


Two important switching installations were inaugurated at Tunbridge Wells on December 17th, 
the 132 kV. station of the Central Electricity Board, and a metaleclad main switchboard in the 
Corporation’s Power House. The former is one of thirteen stations of English Electric manu- 
facture for the S.E. England scheme, and the latter is a typical example of the Company’s large 
rupturing capacity compound-filled gear. 


| 
| 
| 
| 


e 
English Electric 
Journal 


DECEMBER, 1931 


One Shillirg. 


CONTENTS. 

PAGE 

LITTLE BARFORD SUB-STATION OF 

THE B. C. & H. ELECTRICITY 
Co. - - 19] 

SOME RECENT STEAM TURBINE 
PLANTS OF MEDIUM SIZE - 196 

A New  FLAMEPROOF SWITCH 
PILLAR - - - - - 203 

THE APPLICATION OF THE INDUC- 
TION VOLTAGE REGULATOR - 207 
All Communications respecting Editorial 
Contents should be addressed to Tue EpirTor, 


Tue Exvectric Journat, THe ENGLISH 


Evectric Company Limitreb, STAFFORD, 


EDITORIAL. 


Incidents like those depicted on the 
opposite page show that the project 
of the Grid is 


accomplished fact—a testimony to 


an 
the 
energy and capacity of 


fast becoming 


undiminished 


British engineers and administrators. 
They demonstrate also the emergence of 
a new phase of electricity supply from 
the incorporation of the old undertakings, 
with their 


National system continuous throughout 


local boundaries, into a 


the country. 

Justas the linking up of Tunbridge Wells 
is an example of the part the Grid will 
play in supplying the electrical needs of 
entire urban districts, the link formed by 
the Little Barford substation, described 
in one of our articles, is an example of 
the interconnection of the Grid with the 
transmission systems of large power 
companies whose areas of supply extend 
over several counties. 

It is clear that with the completion 
of the constructional work and of a 
great number of links between selected 


power stations and the existing organ- 


Vol. V. No. 8 
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isations for distribution, the main task 
of the supply industry will be an inten- 
sive development of the use of electricity 
That is not a new 
conception such as the Grid was, but 
for that reason its successful accomplish- 
ment demands the bringing into play of 
new ideas to displace former limitations ; 


the 
will be provided by manufacturers and 


for all purposes. 


material for economic distribution 


a bold policy of popularly acceptable 
charges must be devised. 


THE ENGLISH ELECTRIC JOURNAL 


The paper which we reprint on “ The 
Application of the Induction Voltage 
Regulator’”’ is important in relation to 
the subject of economic distribution and 
supply. As the largest manufacturer of 
automatic line voltage regulators the 
English Electric Company is convinced 
that such apparatus can be utilised on 
practically every system to improve the 
service and to procure financial benefits 
for the undertakings. It is as necessary 
a part of their equipment as are trans- 
formers and control gear. 


12,540 feet above sea level. 


This locomotive, built to the order of the Peruvian Corporation.under the supervision of their consulting engineers, 

Messrs. Livesey, Son & Henderson, reached its destination last year after a journey across Lake Titicaca, which is 

It is operating freight and passenger traffic in a locality where the Llama is 
the normal means of transport. 
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The Little Barford Substation of the Bedfordshire, 
Cambridgeshire & Huntingdonshire Electricity 
Company. 


Fig 1. 
The South-East England Electricity Scheme 
of the Central Electricity Board provides for the 
erection at some future date of a new power 
station at Little Barford, about seven miles east- 
north-east of Bedford, just within the Hunting- 
donshire boundary. The main 132-kV. Grid 
transmission line connecting Luton, Bedford and 
Peterborough has accordingly been diverted to a 
point near the proposed site for the new power 
station, and a transforming station erected there. 
The B. C. & H. Company have taken advantage 
of the proximity of this substation to their 
33 kV. network by erecting a substation adjacent 
to the transforming station of the Central Board, 
and the contract for its construction was com- 
pleted a few months ago by The English Electric 
Company. 
The new substation, which has a number of 
interesting features, will enable the B. C. & H. 


-General view of the 33. kV. substation. 


Company to take 40,000 kVA. from the Grid 
network and to feed this to their distributing 
centres at  Godmanchester, Cambridge and 
Hitchin. Provision has been also for 
installing two 10,000 kVA. 
supplying a distributing system in the inter- 
mediate districts, but at present one 1,000 kVA. 
transformer has been deemed adequate for this 
purpose. 

The whole of the apparatus is mounted on a 
reinforced concrete structure of massive design, 
and the apparatus itself is suitable for a normal 
working pressure of 44,000 volts, which gives 
adequate margin for operation in the damp 
atmospheric conditions that are prevalent in this 
district. The structure is provided with gang- 
ways and access ladders, but special care has been 
taken to ensure that an attendant cannot pass 
inadvertently from a section that has been made 
dead to another section that is still alive. 


made 
transformers for 
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The layout (Fig. 4) incorporates a 
duplicate busbar arrangement with 
main and auxiliary busbars in the 
centre, and the feeder and transformer 
equipments on either side; a bus 
coupler equipment is also included. 
In view of the large amount of power 
that will be available under short- 
circuit conditions, oil circuit-breakers 
with a rupturing capacity of 750,000 
kVA. have been used. They are remote 
electrically operated from a control 
room (Fig. 2) by means of direct- 
current solenoid operating mechanism. 
Busbar selection is effected by means 
of isolating switches operated from 
the ground and interlocked with the 
respective circuit-breakers and the 
bus coupler switch. 

In parallel with each oil circuit-breaker for the 
feeders and transformers there is a_ bye-pass 
isolating switch, in order that the supply may be 
maintained by using the bus coupler oil circuit- 
breaker via the auxiliary busbars when the oil 


Fig. 3.—33 kV. electrically-operated Oil Circuit-breaker. 


Fig. 2.—The Control Board. 


circuit-breaker of a particular equipment is out 
of commission for inspection or other purposes. 
These bye-pass switches are fully interlocked to 
prevent incorrect operation. The feeder equip- 
ments include line isolating switches that are 
provided with earthing blades to ensure complete 
safety to an operator working on the line. 

The oil circuit-breakers are standard “ English 
Electric’? OKD.3 units designed to withstand 
an instantaneous short-circuit of 2,000,000 kVA. 
and have a rupturing capacity of 750,000 kVA. 
As will be seen from Figure 3 the triple-pole 
switch comprises three single-pole units mounted 
together on angle iron framework with the actuat- 
ing mechanism connected by pull rods to the 
solenoid operating gear. Each triple-pole unit 
is provided with tank lowering device, ‘‘ on”? and 
“ off’ indicators, and provision for connection 
to oil filtration plant. 


The solenoid operating mechanism is mounted 
in a weather-proof cabinet and a disconnecting 
link board is provided in the same housing for 
all the small wiring connections for the solenoid 
and interlocking circuits, and the connections 
from the bushing type current transformers. 
This link board facilitates testing and permits 
the sealing ends of the multi-core cables to be 
removed without disturbing any small wiring or 
apparatus in the solenoid housing. The main 
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RAILWAYS USE 


ELECTRIC 


In Great Britain, 
Australia, 
South Africa, 
Canada, 
India, 
New Zealand, 
France, 
Holland. 
Three-coach train equipped by the Company in 1913 
for operation on a 3,600 Volts D.C. system. 


EQUIP MENTS 


In Spain, 

Morocco, 
Japan, 
Argentina, 

Brazil, 
Peru, 

Uruguay, 

Venezuela, 


One of 17 Three-coach Articulated trains of all-stee! 


construction working on 1,500 Volts D.C. supplied in 1931 
for the MadrasSuburban lines of the South Indian Railway 


Over 800,000 H.P. of “English Electric 


Traction Equipments supplied Overseas are 
operating on lines for 1,500 to 3,000 Volts D.C. 


ENGLISH ELECTRIC 


THE ENGLISH ELECTRIC Seer LIMITED. 
HEAD OFFIC 


Queen's House, Kingsway. ‘LondonW C.2. 


Works: BRADFORD, COVENTRY, PRESTON, RUGBY, STAFFORD. 
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Fig. 4.—The layout of the apparatus. 


contacts of the circuit breakers are of the wedge 
and finger type ; auxiliary sparking contacts are 
provided which give four breaks per phase, and 
thus enable a very high speed of break to be 
attained without the attendant disadvantage of 
high plunger bar velocity. The tanks are of 
cylindrical form of heavy boiler-plate, and are 
constructed to withstand a test pressure of 
200 lb. per sq. in. Condenser type terminal 
bushings are employed protected by porcelain 
insulation ; they pass through bushing-type cur- 
rent transformers for the operation of protective 
relays and instruments. 

The bus section switches, the busbar and line 


isolating switches and the bye-pass switches are 
of the rotating centre-pillar type. With this 
design there is no possibility of the switch opening 
under short-circuit conditions. The contacts are 
of the finger type, protected against snow and 
sleet by suitable covers, and the insulators have 
a dry flash-over test value of 230 kV. Two 
types of operating mechanism are used for the 
isolating switches, namely, push-and-pull rods 
when the switches are mounted vertically, and 
torque shaft drives when the switches are hori- 
zontal ; there is little difference in the mechanism 
itself. The coupling between the operating lever 
and the mechanism in the former case is effected 
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by means of a dog clutch which engages when 
the lever is raised to the horizontal position, but 
no movement can be made to open or close the 
isolating switch unless the mechanism has been 
released by a bolt which forms an electrically 
operated interlock with the other apparatus in 
the circuit. 

The interlocks between the various isolating 
switches, bye-pass switches, and oil circuit- 
breakers are as follows :— 

(a) An electrically-operated bolt on the bus 
coupler equipment to ensure that the two 
isolating switches on either side of the oil 
circuit-breaker cannot be closed or opened 
unless the circuit-breaker is in the open 
position. 

(6) A similar interlock between the main and 
auxiliary busbar isolating switches. This 
ensures that these switches cannot be 
closed at the same time if their correspond- 
ing oil circuit-breaker is in the open 
position, but it permits both switches to 
be closed or either one of them to be opened 
when the corresponding oil circuit-breaker 
and the bus coupler circuit-breaker with 
its complementary isolating switches are 
all closed. This interlock does not prevent 
the two busbar isolating switches being 
opened together when the main oil breaker 
is open. 


Fig. 5.—Cireuit-breakers and Isolators with Operating Boxes. 
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(c) A-similar interlock between each oil breaker 
and its bye-pass switch to ensure that the 
breaker is closed before the bye-pass 
switch can be opened or closed. 

(d) A combined mechanical and _ electrical 
interlock on each equipment to ensure that 
the bye-pass isolating switch can be opened 
or closed only when the line isolating 
switch and the auxiliary busbar isolating 
switch are closed, and the line earthing 
switch is in the unearthed position. This 
consists of a mechanical interlock between 
the line isolating switch, the earthing 
switch and the bye-pass switch, and an 
electrical interlock between the oil circuit- 
breaker and the bye-pass switch as 
described under (c). 

(e) A mechanical interlock between the line 
isolating switch and the earthing switch 
to prevent the line isolating switch from 
being closed until the earthing switch is 
in the unearthed position, and conversely 
to prevent the earthing switch from being 
moved into the earthed position unless the 
line isolating switch is open. In addition 
an electrical interlock of the bolt type 
ensures that the bye-pass switch is open 
before the earthing switch can be closed. 

There are one or two points in connection with 

the busbars and connections that are of sufficient 
interest to deserve special reference. 
The material used is hard 
copper tube, and the connections to 
apparatus are made by substantial 


drawn 


clamps and tee connectors designed 
to minimise corona losses. The busbars 
and connections are supported on pin 
type insulators, precisely similar to 
those used in the construction of the 
isolating switches, and like them 
capable of withstanding a dry flash- 
over of 230 kV. The connections to 
the oil circuit-breakers terminate in 
short flexible connecting pieces, and 
preceding this a portion of the tubular 
connector is arranged so that it can be 
easily removed. These details greatly 
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Fig. 6.—Horizontal and Vertical Isolating Switches. 


facilitate the dismantling of the oil circuit-breaker 
bushings at any time, without extensive inter- 
ference to the connections. The bushing type 
current transformers, which are accommodated 
in pockets attached to the inside of the circuit- 
breaker covers, are designed of a volt-ampere 
output and of such an accuracy as to permit the 
operation of power factor indicators and _ in- 
dicating wattmeters from them. The current 
transformers for metering the two C.E.B. trans- 
former equipments are of the wound primary 
type, with an output of 40 V.A. at precision 
accuracy. They are oil filled, and fitted with a 
single bushing of the concentric type ; the wind- 
ings are braced to withstand the maximum short- 
circuit conditions. 

The potential transformers are single-phase 
oil-immersed units with an output of 200 V.A. at 
class B accuracy. They are of normal design, 
and have the same dry flashover as the insulators 
used throughout the station. Each transformer 
is protected by two 33 kV. high-resistance fuses 
of the replaceable cartridge type accommodated 
in porcelain tubes. 

Protection of the feeders is effected by means 
of triple-pole inverse’ time-limit overload 


195 
with definite minimum 
time settings, and the  trans- 
former equipments are _ protected 
by an overload relay and a single- 
pole instantaneous Fawsett-Parry 
earth leakage relay. The overload 
relays on the feeder equipments 
form a standby protection to the 
balanced-voltage compensated pilot- 
wire protection that is provided. 

The control board for the station 
is situated in a control room outside 
the main enclosure. It is of the 
type that has been standardised by 
the English Electric Co. for modern 
remote control switchgear  install- 
ations, with the control apparatus 
and instruments mounted on panels 
of insulating material, which are enclosed at the 
back by sheet steel cubicles having separate access 
doors to the individual sections. This construc- 
tion results in a self-supporting board, with the 
whole of the connections protected by a dust- 
and vermin-proof enclosure. A mimic diagram 
on the upper part of the board contains automatic 
semaphore indicators, which show the position 
of each isolating switch, oil circuit-breaker, bye- 
pass switch, etc., and these indicators are operated 
directly from auxiliary switches on the apparatus 
in question. 

A feature of interest is the provision of white 
indicating lamps to show when an oil circuit- 
breaker has opened automatically due to some 
faulty conditions. 

The indicating wattmeters, power factor in- 
dicators and ammeters are grouped on the centre 
panels with the control switches for the oil 
circuit-breakers and the synchronising plugs and 
low-tension fuses. The bottom panels are devoted 
to the accommodation of the protective relays. 

Acknowledgment is made to the Bedfordshire, 
Cambridgeshire & Huntingdonshire Electricity 
Company for their kind permission to publish 
this description. 
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Some Recent Steam Turbine Plants of Medium Size. 


Fig. 1.—The Power Station at Atf. 


From time to time a review is given in these 
pages of the steam turbine contracts that have 
been carried out, more particularly for machines 
of large output. In this article reference is 
made to a number of machines of medium 
output up to 6,250 kW., and apart from those 
technical features which represent modern 
development in design, there is special interest 
in observing that the plants are distributed 
throughout many different countries, including 
Egypt, Persia, India and Canada. The descrip- 
tion of the three units installed at the Atf 
power station, Egypt, includes information 
already published in “ The Power Engineer,” 
to which Journal acknowledgment is made 
also for the loan of blocks. 

Towards the end of 1930 The Egyptian 
Government placed a number of contracts 
for an important scheme of land reclamation, 
which included the equipment of a steam 
power station at Atf, which is situated about 
thirty-five miles east of Alexandria on the 
river Nile. This station contains three “ Eng- 
lish Electric ’’ turbo-alternator sets, each of 
2,500 kW., and a large amount of auxiliary 
plant also supplied by the Company, to which 
reference will be made later. Each unit 
consists of a 3,000 r.p.m. turbine designed for 


steam at a pressure of 425 lb. per square inch, 
superheated to 662 degrees F., and a vacuum 
of 94 per cent.; the alternators generate at 
3,300 volts. 

When the order for these turbines was 
received it was recognised that owing to the 
somewhat high steam pressure the ordinary 
design of mechanically operated nozzle control 
gear would not give the best results, and a more 
appropriate design was accordingly worked 
out and tested in the Company’s Experimental 
Department. This new design gave such good 
results that it was decided to incorporate oil- 
operated nozzle control gear in the turbines. 
This development has proved so valuable that 
it is being adopted on the Company’s larger 
turbines with the elimination of the heavy 
levers previously used for operating the 
governor valves ; moreover, it was found that 
the parts of the new design are cheaper to 
manufacture as well as being more efficient and 
neater in appearance. 

The same principles have been maintained 
as with the older design. All steam to the 
turbine passes through the main control valve 
and the subsidiary valves are operated from 
the main relay cylinder, but instead of operating 
these valves mechanically each has its own 
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servomotor system consisting of an oil-operated 
cylinder controlled by means of a rotary valve. 
This rotary valve is constructed in two portions, 
one of which is connected to the controlling 
mechanism and the other to the spindle of the 
steam valve. By this means a position of 
equilibrium is arrived at after each change of 
speed or load, and all possibility of hunting is 
eliminated. 

The turbines are of the horizontal impulse 
type with stainless steel blading throughout, 
and each unit has an overload capacity of 
15 per cent. continuously and 50 per cent. for 
two minutes. 

A condenser of the two-pass surface type is 
provided for each turbine unit, and _ is 
designed so that one half of the water side 
may be shut down for cleaning while the tur- 
bine remains in operation. The cooling water 
is drawn from a canal by means of an under- 
ground culvert, and circulated through the 
condenser by motor-driven vertical spindle 
pumps, four of which are provided, one acting 
as a standby ; the pipework is arranged so that 
any of the pumps can supply any condenser. 

Each turbine is bled from one point for low 
pressure steam to the evaporator and de-aerator. 
The vapour produced in the evaporator is led 
to the evaporator heater where its latent heat 
is given up to the condensate, and the water 
resulting from condensing the vapour is led to 
the drip cooler. The bled steam supplied to 
the evaporator gives up its latent heat to 
produce vapour at a lower pressure, and the 
resulting water is led through a trap also into 
the drip cooler. The combined evaporator 
heater and evaporator coil drains are led 
through a trap into the condenser. Heating 
of the condensate in its passage through the 
de-aerator is carried out by direct contact, 
therefore the condensate resulting from the 
bled steam is dealt with in the same manner 
as the main condensate. 

Condensate is delivered normally in turn 
through the drip cooler and evaporator heater, 
to the inlet of the de-aerator. After passing 
through the spray nozzles in the de-aerator, 
it is withdrawn by the de-aerator extraction 


Fig. 5.—One of the 3°3/33 kV., 3,600 kVA. 

Transformers for Atf. 
pump and delivered to the boiler feed-pump 
suction main. The surge tank is connected to 
the condensate main between the evaporator 
heater and the de-aerator. Make-up water 
treated by the evaporator is taken from the 
circulating water system. 

Cooling air for the alternators is impelled by 
fans mounted on the rotors. It is drawn from 
outside the building through a special air- 
chamber which is connected by ducts to air 
filters of the viscous type, in the foundations. 
Two filters in series are supplied with each 
machine. Each alternator is directly connected 
to a 3,300/33,000-volt transformer of the oil- 
immersed self-cooled core type for outdoor 
service, and with a normal rating of 3,600 kVA ; 
one of these units is illustrated in Fig 5. 

For obtaining a supply for the power-house 
auxiliaries two 500-kVA. 3-phase core type, 
outdoor service transformers have been pro- 
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Fig. 6.—3,750 kW., 3,000 r.p.m., Turbo-alternator set in Reading Power Station. 
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vided, one transformer acting as a standby to 
the other. These transformers step down the 
pressure of 33 kV. to 220 volts, 3-phase. A 
house set has also been supplied, consisting of 
a 4-crank Diesel oil engine, direct-connected to 
a 220-volt, 3-phase, 200-kW. alternator. This 
engine set runs at a speed of 214 r.p.m. and 
is of English Electric standard design and con- 
struction. In addition to the usual accessories 
for this set, there is a main fuel storage tank, 
which is erected on the east side of the station, 
alongside the fuel storage tanks in connection 
with the boilers. A belt-driven pump driven 
from the engine shaft is used for pumping the 
engine cooling water to a tank erected on the 
roof of the Engineer’s office, so that this cooling 
water will flow by gravity through the engine. 
A motor-driven exciter has also been supplied, 
suitable for exciting any one of the turbo- 
alternators or the alternator coupled to the 
diesel engine. 

For controlling the turbo-alternators with 
their direct-connected step-up transformers, 
remote electrically operated outdoor-type 
switchgear has been provided, with a desk- 
type control board placed in the switchboard 
room. Auxiliary services are controlled by a 
14-pillar ironclad board in a room on the con- 
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denser basement level. A 300 amp.-hour 
125-volt battery, with appropriate charging 
gear, has been provided to operate the remote 
controlled switchgear and also for emergency 
lighting. The majority of the motors for 
driving the various auxiliaries are English 
Electric standard 3-phase, squirrel-cage or 
slip-ring machines. There is no switching on 
the 3,300-volt side, and the output of the 
station is stepped up to 33 kV. and controlled 
by the outdoor substation of which a sectional 
diagram is shown in Fig. 4. 

A turbo alternator set of some interest is 
that illustrated in Fig. 8, which shows a 
6,250 kW. unit that was put into service in the 
Maccan (Nova Scotia) Power Station of the 
Canada Electric Company a few months 
ago; it is a 60-cycle plant with single-cylinder 
turbine running at 3,600 r.p.m. and operates 
with steam at 250 lb. per square inch, 600° F. 

Of the many sets of medium size for this 
country a representative example has been 
selected from those supplied for public service 
and for industrial power stations. In the 
former class is a 3,750 kW. unit that was 
started up last December by the Reading 
Electric Supply Company. This is a _ stan- 
dard 3,000 r.p.m. unit with “English Electric ”’ 


Fig. 8.—6,250 kW., 3,600 r.p.m., 60-cycle Set in the Maccan Power Station of the Canada Electric Company. 
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condenser, and is illustrated in Fig. 6. The 
industrial plant is of a somewhat more novel 
design, in that it is of the non-basement or 
surface type. The unit in question is illus- 
trated in Fig. 7 in operation at the Whetley 
Mill of Messrs. Daniel Illingworth, Ltd., 
of Bradford, the changeover of whose mill is 
an interesting example of industrial electrifica- 
tion. Formerly the mill was driven by three 
steam engines aggregating 3,000 H.P. that 
occupied a large amount of space, and with 
2,000 feet of shafting and five or six miles of 
belting, represented a weight of over 600 tons ; 
all this material has been replaced by a 2,500 
kVA. geared turbo-alternator set and modern 
motor drives having a total weight of less than 
100 tons. The turbine operates with steam at 
220 lbs. per square inch, and 650° F., and 
during the daytime steam is bled at a pressure 
of 10 lbs. per square inch for process purposes. 
The production of the mill is high-quality 


Fig. 9.—3,750 kW., 3,000 r.p.m. Turbine for Hyderabad. 
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worsted, and the processes, 
beginning with the sorting of 
raw wool, proceed through the 
stages of washing, carding, 
combing, drawing, roving, spin- 
ning, twisting, warping and 
winding. Over a_ hundred 
motors ranging from 10 to 75 
H.P. are installed, all of ‘‘ Eng- 
lish Electric’? manufacture, and 
the sizes of the motors and the 
layouts of the drives have been 
chosen with such care that a 
very high load factor is main- 
tained as well as an installation 
power factor of no less than 
0°83 to 0°87 without the use of 
any corrective apparatus. 

The consulting engineer for the whole scheme 
was Mr. W. O. Pepper, A.M.I.E.E. 

In Fig. 9 is shown the turbine for a 3,750 
kW. set now being completed for Hyderabad 
to the order of H.E.H. the Nizam of that state, 
and under the supervision of his Consulting 
Engineers, Messrs. Rendel, Palmer & Tritton. 
Other steam plant of medium output recently 
constructed or put in hand includes two sets 
each of 2,000 kW. for Cambridge, a 1,000 kW. 
geared D.C. surface set for Aberdeen, and a 
750 kW. mixed-pressure geared turbo-alternator 
set for the Madeley Colliery Company. 

Many improvements have been introduced 
in the details of the designs of this range of 
steam turbine plant, and the modified design 
of governor gear referred to in the description 
of the Atf turbines in this article as well as 
new designs of small turbines and surface 
condensers with welded steel bodies, will be 
described more fully in later articles. 
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A New Flameproof Switch Pillar. 


The total horse-power of motors installed in 
mines in this country at June 30th, 1929, was 
nearly one and three-quarter millions. This 
figure is a sufficient indication of the necessity 
for regulations that will ensure a proper degree 
of safety in the employment of electric power 
in the special and difficult conditions of mining 
operations. The code of regulations issued in 
1911, was drawn up with a wide knowledge of 
these conditions and with much insight into 
the precautions that would be necessary and 
sufficient ; it has not been modified since then, 
but as experience has been gained in the appli- 
cation of the regulations, some of the clauses 
have been enforced with increasing strictness, 
as for example in the case of some that apply 
to apparatus, under which term switching and 
control gear is included. More adequate 
arrangements have also been made for carrying 
out type tests and these are now undertaken 
by the Mines Department, and are of a more 
severe character than formerly. 

Important regulations concerning the use of 


Fig. 1-—OLA Pillar in Service Condition with 
one straight and one angle Cable bow. 


Fig. 2.—OLA Pillar with Earthing Device in 
position and circuit-breaker locked closed. 

electrical apparatus in any part of a mine in 
which inflammable gas, although not normally 
present, is likely to occur in a sufficient quantity 
to be indicative of danger, are those which 
specify that there shall be no risk of open 
sparking under normal working conditions, and 
that the apparatus shall be so protected as to 
prevent open sparking. Another important 
regulation states that adequate precautions 
shall be taken by earthing, or other suitable 
means, to discharge any conductor or apparatus 
before it is handled, and to prevent such parts 
from being made alive accidentally while 
persons are working on them. 

The apparatus illustrated in this article has 
been designed to meet the most stringent 
interpretation of the rules in every respect, 
and has, of course, been subjected to official 
testing and certification. Although it is de- 
signed primarily to be a thoroughly reliable 
switch pillar for use where a flameproof con- 
struction is necessary, the other features of the 
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design are such as should commend it for 
general industrial service where reliability, 
robustness and complete freedom from risk 
of shock under all conditions are important for 
the economic conduct of the factory. 

The new “OLA ”’ pillars are made in two 
sizes, the smaller of which is suitable for use 
up to 150 amperes at 3,300 volts, or up to 300 
amperes at 650 volts, and the larger for use up 
to 600 amperes at 3,300 volts. Either pillar 
can be supplied for a considerable number of 
standard current ratings within these ranges, 
the instruments, current transformers, over- 
load coils, ete., being also standardised in order 
to permit quick delivery to be made. Full 
advantage has been taken of the principle of 
compound filling, which is incorporated in the 
Company’s larger metal-clad apparatus, and 
this is standard for all 3,300-volt pillars, and 
can be applied also to 650-volt pillars when 
desired. All the enclosures, including the 
busbar chamber, are flameproof, and of ample 
mechanical strength, and the conductors also 


Fig. 4.—OLA Pillars are compact and instruments 
are of the plug-in type. 


Fig. 3.—Cireuit-breaker, automatic releases, and 
fuses in low-tension potential circuit. 


are of ample section with large contact areas 
at all joints. 

The draw-out principle is used for the isolat- 
ing of the circuit-breaker and auxiliary 
apparatus from the busbars, and is combined 
with full interlocks and certain special features 
to eliminate any danger of improper operation 
or of open sparking. Provision is made also 
for interlocking the circuit-breaker electrically 
with motor starters or other apparatus. The 
moving carriage consists of a central portion 
carrying the main contacts and the current 
transformer, as well as the fixed contacts of 
the circuit-breaker ; the tank for the latter is 
bolted to its underneath face and the top is 
either closed by a coverplate or receives the 
potential transformer chamber when _ this 
auxiliary has to be incorporated. When in- 
struments are required a separate flameproof 
box is attached and instruments of the “ plug 
in’’ type are fitted behind a flameproof en- 
closure provided with wired glass windows. 

The circuit-breaker tank is of steel plate, 
and contains all three phases, insulating 
barriers being fitted between them. The 
whole of the mechanism is immersed in oil, 
and consequently can be relied upon to operate 
satisfactorily under the most severe conditions 
with a minimum amount of inspection or 
maintenance work. The breaker contacts are 
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of the contactor type in the ‘OLA 1” size, 
and of the laminated brush type in the larger 
units. A mechanical “on” and “ off” in- 
dicator and an oil level indicator are standard 
parts of the equipment. 

Complete automatic protection is available in 
the form of overload and no-volt automatic 
releases with the addition of time lags to the 
former if required, and a valuable feature of 
the design is that all the coils and mechanism 
of the releases are oil immersed ; this ensures 
a high degree of insulation, and also freedom 
from interference to the settings by un- 
authorised persons. The potential circuits are 
protected not only by high-tension fuses in the 
potential transformer chamber, but also by 
fuses in the low-volt coil circuit. In order to 
meet the demand which is sometimes made in 
mining installations that leakage protection 
shall be provided, the standard design allows 
for the fitting of a suitable relay in front of the 
potential transformer chamber, as shown in 
Figure 5. Amongst the special interlocks 
and safeguards included in the standard design, 
special mention may be made of the locking 
bar which effectually prevents opening of the 
lid of the potential transformer chamber until 
the sliding carriage has been fully withdrawn, 
the semi-circular guard underneath the oil tank 


Fig. 6.—Earthing Device. 


Fig. 5—This shows the Sliding Carriage fully with- 

drawn and the Earthing Device E.D. in position. 

The Potential Transformer lid is locked by L.B. ; its: 

circuit is opened automatically by TS. 

for a similar purpose and the special spring 
switch on the high voltage side of the potential 
transformer by means of which its circuit is 
opened before the sliding ‘carriage is fully 
withdrawn, thus ensuring that no open sparking 
can occur at the main isolating contacts. 

The importance of earthing circuits in a 
thoroughly safe way through the oil circuit- 
breaker has been referred to above and has 
been stressed in a special circular issued by the 
Mines Department, and “‘ English Electric ”’ 
‘OLA ”’ pillars have, therefore, been provided 
with an arrangement which fulfils the require- 
ments in every respect. This consists of an 
earthing device, a safety lock and a warning 
notice displayed automatically when the earth- 
ing arrangements are in use. The earthing 
device illustrated in Figure 6 is a simple 
casting which can be fitted over the main 
isolating contacts when the moving carriage 
has been fully withdrawn ; it has guides at the 
two sides which engage with the slide bars on 
which the moving carriage rests, and a solid 
plate with holes corresponding to the three 
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busbar plugs on the moving carriage, so that 
these plugs are short-circuited and earthed when 
the earthing device is applied. When the 
device has been placed in position the moving 
carriage is pushed back as far as it will go; it 
is, of course, prevented from returning to its 
normal working position by the width of the 
earthing device casting, and accordingly, al- 
though the circuit plugs make contact with 
the corresponding sockets in the busbar 
chamber, the busbar plugs, which are shorter, 
remain clear of the sockets connected to the 
busbars. At this stage the circuit is not 
earthed because the circuit-breaker is open, 
but the mechanical interlocks provide that in 
precisely this position, that is to say, with the 
busbar plugs clear of their sockets, the circuit- 
breaker can be closed ; this is accordingly done 
and the circuit thereby earthed through the 
circuit-breaker. It should be mentioned that 
special copper contacts at the side of the 
earthing device and on the slide bar come 
together with a. wedging action and thus 
ensure a positive earth. The circuit-breaker 
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having been closed, the separate locking 
lever is operated, thereby locking the 
circuit-breaker in the ‘on ”’ position, putting 
the automatic releases out of action and causing 
a warning tablet to come into view at the front 
of the pillar with the wording ‘‘ Earthed. Men 
on line.’ Provision is made for applying a 
padlock or other permanent lock to the locking 
lever. 

However good the design of a switch pillar 
of this kind might otherwise be, its utility for 
mining service depends very much upon its 
compactness and the ease with which the 
cables can be connected up to it. The OLA” 
pillars have been reduced to the smallest 
possible dimensions, particularly in height, 
consistent with the necessary technical features, 
and a great deal of thought has been given to 
the design of cable outlets and trifurcating 
boxes. Boxes are available for any type of 
armoured cable, and to meet practically any 
combination of incoming and outgoing cable 
positions. The illustrations show several com- 
binations of straight and angle types of box. 
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| Rao Bahadur Sardar M. V. Kibe, Deputy Prime Minister, Holkar State, Indore, and Mrs. Kibe | 
at Stafford Works of the English Electric Company, with Mr. G. H. Nelson, the Managing Director 


| and Mrs. Nelson. 


The machines seen are for various destinations in India. 
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The Application of the Induction Voltage Regulator. 


(This paper, read before the Institution of Electrical Engineers last year by Mr. W. E. M. Ayres, 
M.1.E.E., is reprinted in an abbreviated form (with additional illustrations) because it is felt that the 


subject is of great importance to the electric supply industry. 


Better voltage regulation leads not only 


to more satisfied consumers, but also to lower cost of distribution and fuller revenue.—ED1TOR.) 


SUMMARY. 

This paper reviews the general application of 
induction regulators to feeder systems and distri- 
bution networks. 

The problem of fully automatic control is dealt 
with and various methods of parallel working are 
discussed. 

The point of application of the regulator in the 
system is considered from its practical and 
economic aspects, and the use of static balancers 
in conjunction with the regulator is outlined. 

The financial aspect of induction regulator 
application to distribution networks is given. 

Twin polyphase induction regulators giving a 
quadrature component for load control on closed- 
loop interconnectors are described. 

Finally, special applications and connections of 
induction regulators are included. 


INTRODUCTION. 

On 3-phase systems where phase displacement 
of the voltage is of no importance it is usually 
most economical to apply the single 3-phase regu- 
lator, and in ring mains, or interconnections 
between generating stations where the voltage 
vector time-space position is determined by 
external interconnections, it is usual practice to 
supply twin 3-phase regulators. On distribution 
systems fed from a high-voltage ring main 
through transformers and regulators into a 
common distribution network it is also necessary 
to avoid voltage phase-displacement and twin 
3-phase regulators may be used. 

There are, however, instances where banks of 
single-phase regulators are preferable. On 4-wire 
distribution networks, where considerable out-of- 
balance load is expected, it may be desirable to 
regulate each voltage between phase and neutral 
independently, and banks of independently 
operated single-phase regulators would be 
employed, 


Several connections are available for the 
grouping of single-phase regulator banks, but not 
all avoid voltage phase-displacement. 


Neutral 
Fig. 1. 


In the case of 4-wire systems, which is prac- 
tically limited to low-voltage distribution net- 
works, the regulator primary windings should be 
star-connected and the star point connected to 
the neutral of the system. The connections and 
voltage diagrams are shown in Figs. 1 and 2 
respectively. With this connection there is no 
voltage phase-displacement, but it should be 
noted that the star point of the primaries must 
be connected to the neutral point, otherwise there 
is nothing to determine the phase voltages of the 
primary windings and unequal boosting may 
occur. If each regulator is subject to independent 


Fig. 2.— Voltage diagram of 3-phase 4-wire regulation. 
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automatic operation there may also be instability. 

Ring mains are frequently operated at 6-6 or 
11 kV, 3-wire, and where single-phase regulators 
are essential an interconnected-star balancer 
should be used with its star point connected to 
the star point of the regulators as an artificial 
neutral. Without this precaution serious troubles 
are likely to occur, particularly when switching 
the regulators into service. 

Three-phase 3-wire systems may be regulated 
by means of three single-phase induction regu- 
lators with the primary windings connected 
between lines, or by means of two single-phase 
regulators connected V,” or open-delta.”’ 

Under the usual conditions three single-phase 
regulators connected in this manner will produce 
a voltage phase-displacement owing to the fact 
that the induced voltage in the series winding is 
displaced 30° from the line voltage, as shown in 
Fig. 3. In this case, however, the maximum dis- 
placement is coincident with the positions of 
maximum boost or ‘ buck,’ and zero displace- 
ment at neutral position of the regulator. This 
is the reverse of the conditions which apply to 
single 3-phase regulators. In another connection 
for 3-wire circuits the primary is in two parts, fed 
from two adjacent phases and wound on the 
same polar axis. This arrangement eliminates 
phase displacement, but is more limited in respect 
of voltage and output than are most other con- 
nections. It may be considered to be imprac- 
ticable if P < #/(20), where P is the internal 
regulator output (ie., line kVA x percentage 


Tig. 3.— Voltage diagram of 3-phase 3-wire regulation. 
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Fig. 4a.— Voltage diagram of 3-phase 3-wire regulation 
without phase displacement. 


boost) and EF is the voltage between lines. A 
variation of this arrangement with the secondary 
(series) windings divided between adjacent phases 
is shown in Figs 44 and 4B. 

The further alternative is two single-phase 
regulators in open-delta connection as shown in 
Fig. 5. This arrangement overcomes the voltage 
displacement, but care must be taken to ensure 
that the shifted neutral will not cause difficulties 
due either to accidental earth faults on the regu- 
lated side of the system, or to upsetting the 
operation of the protective gear. 

The various arrangements in which the primary 
windings are connected between phases, instead 
of phase to neutral, all require 15-5 per cent. 
increase in size of regulator, due to the 30° dis- 
placed voltage in the series winding only being 
effective to the extent of $4 3, as will be readily 
appreciated from Figs. 3 to 5. 


AUTOMATIC CONTROL, 

One of the outstanding features of the induction 
regulator is its adaptability to automatic control 
under varying conditions and requirements. <A 
3-phase regulator on a distribution system where 
it was originally considered doubtful whether 
voltage regulation was required, was found to 
average 240 operations per day, or over 87,000 per 
annum. One hesitates to think of the wear and 
tear, with its attendant maintenance costs, that 
would result from such frequent operation of 
switches. The actuating relays for the automatic 
control of the regulator, however, showed no 
signs of distress, and maintenance costs are 


= 
A; 
| 
/ \ q 
/ \ 
\ i 
/ \ 
f \ 
\ 
Cr B, 
| 
| 
\ 
7 
¢ 
7 
\ 
\ 
\ 
\ 
\ 
~ 
B 
a. 2 + 
1 
eee 


THE ENGLISH ELECTRIC JOURNAL 


209 


Main VovtaGe 
Contrror RELAY. 


No Voit 
Revay. 


TERMINAL 
Boaro. 


PusH BuTTON. 


Three - phase Automatic Voltage 
Regulator for + 10% variation on 
a 250k VA.,400-volt feeder. 


Devray 


INTERMEDIATE 
RELAYS. 


Fuses FOR 
MoTorR x RELAYS. 


Button. 


CHANGE OVER SwitTcH 
FoR AUTOMATIC OR 
Remote CONTROL. 


Self-contained Relay Assembly for Automatic Voltage Control by Induction Regulator. 


Control Panel for simultaneous control of Induction Regulators on four 
10,000 kVA. feeders. 


hy 
} 


The largest Induction Regulator yet built. A twin unit for a 
20,000 kVA., 77 kV., interconnector. 
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Fig. 46.—Connections for 3-phase 3-wire regulation with 
split secondaries for no phase displacement. 


negligible. In a works’ endurance test one set 
of automatic gear was subjected to nearly 750,000 
voltage impulses without a single faulty operation 
and with only one cleaning of the relay contacts. 
Such reliability has only been achieved by the 
most careful design, choice of materials and con- 
tact loading. 

In essence the control consists of a sensitive 
voltage-control relay, a pair of interlocked motor 
contactors, an operating motor, limit switches 
and magnetic brake (see Figs. 64 and 6B). In 
practice there are many refinements which con- 
tribute to the reliability of operation and which 
are appreciated by operating engineers. 

The voltage-control relay should not transmit 
any vibration from the a.c. excitation of the relay 
to the contacts, as this causes a_ spluttering 
“make ’’ when the contacts are about to close. 
Reinforcement, or compounding, should be incor- 
porated in the design so that immediately contact 
is made an additional torque is added to the 
relay, thus ensuring a firm contact. This rein- 
forcement may be from 0-33 to 0-5 per cent. 
equivalent voltage variation. This reinforce- 
ment must, however, be a constant value and not 
due to the contactor-coil current, as the reduction 
in current when the contactor closes (to about 
27 per cent.) often causes the relay contacts to 
open again; a rapid succession of closing and 
opening of the contactors follows without the 
operating motor having time to accelerate. 

The contact separation should be as large as 
possible. A good relay will give as much as 
3mm. separation of contacts for 1} per cent. 
difference in voltage, but voltage-control relays 
are sometimes offered which give barely one-sixth 
of this amount. The author has seen cases of 
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high-frequency welding of contacts due to a 
“ hovering’ are when the design of relay and 
reinforcing has been incorrect. 

According to the author’s experience, the motor 
limit-switches should be double-pole and placed 
directly in the motor circuit. They are fre- 
quently placed in the contactor coil circuit, with 
resultant damage to the regulator if a contactor 
sticks or opens sluggishly, and the quadrant is 
driven hard up against the mechanical stops. 
The limit-switch operating mechanism should be 
designed to give a very small angle between 
opening and re-setting of the switches. 

Where the operating motor circuit is from an 
auxiliary supply which is independent of the 
feeder being regulated, it is usual to include a 
no-volt relay in the automatic control apparatus. 
The function of this relay is to return the regulator 
to the minimum voltage position in the event of 
voltage failure on the line, so that the line is not 
reclosed on an excess voltage. If this relay were 
not included the motor would run the regulator 
up to the maximum-voltage position. In some 
twin regulators for power flow in either direction, 
the no-volt relay has been arranged to return the 
regulator to neutral, or zero boost, position in the 
event of line-voltage failure. 

If a recording voltmeter, with high paper speed, 
is connected across a feeder or distribution net- 
work, there is almost always a pronounced 
irregular ripple in the voltage, which is the result 
of a diversity of load variations and switching 
operations. A section of such a chart is repro- 
duced in Fig. 7. The width of the ripple band 
varies in individual cases from practically nothing 
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Fig. 5.— 
connection. 


210 
B 
4 
7 
2 
es 
C, 
% 
“i 
= 
Cc 
2 


THE ENGLISH ELECTRIC JOURNAL 


Al 


Outgoing regulated supply 


| 


- - - 


j single-throw 
L +44 tumbler 
Fuses yswitch 


> 


CD 


HT.fuses 
i Link 


Terminal 


t 


Brake 


oa 


2 


Limit 
'Tswitches 


Terminal board 


fi 
Ios 


motor 
U 


oar 
in SS @| 


as 
S 
resistance 
Potential de 
transformer 


‘Lower’ contactor “Raise contactor” 


| Incoming 


Fig. 6a.— Automatic con 


up to some 2} per cent. voltage variation. It is 
obviously quite impossible to correct these rapid 
fluctuations, and the voltage control relay should 
be set for an amount not less than plus and minus 
half the ripple-band width. Also, on the above 
chart there is shown a sudden voltage-drop of 
short duration at “A.” This was probably 
brought about by the starting of a motor on the 
section. It is not desired that the automatic 
gear should attempt to correct this class of varia- 
tion, which is of too short a duration to be of any 
consequence, would cause unnecessary wear and 
tear of the operating mechanism and would in 
many cases be rectified before the motor had time 
to function. Some form of time delay is, there- 
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Fig. 6b.— Schematic diagram of automatic control. 
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fore, frequently used to prevent operation until a 
voltage deviation from normal is maintained for 
20 to 40 seconds. 

The cost of the automatic control apparatus 
becomes a serious item in small regulators, say, 
up to 50 kVA, and this necessitates the simplest 
possible combination of relays consistent with 
satisfactory operation. In equipments which are 
able to bear the additional expense there is con- 
siderable justification for the use of intermediate 
relays between the main voltage-control relay 
and the motor contactors. These relays reduce 
the loading on the control relay contacts to some- 
thing like 2 VA, and this is usually accomplished 
on a low voltage by means of a small transformer 
of the bell-ringing type. The control relay is a 
very sensitive instrument, but when its contact 
loading is reduced in this manner it is able to 
give reliable service for an indefinitely prolonged 
time with the minimum of attention. The inter- 
mediate relays have a definite make-and-break 
action, with ample contacts, and are better able 
to deal with the contactor coil load, which may 
be from 120 to 200 VA. 

An interesting problem is the control of 
a feeder to compensate for the load drop between 
two distribution centres and maintain the same 
voltage at either end, irrespective of the supply 
voltage. This has been accomplished by means 
of a differential relay supplied from two potential 
transformers and a line-drop compensator, as 
shown in Fig. 10. The incoming volts plus the 
line-drop volts are balanced against the outgoing 
voltage and thus provide just the necessary boost 
according to the load. 

PARALLEL OPERATION. 

It is sometimes desired to operate regulated 
feeders in parallel. This does not involve the use 
of twin regulators if means are provided for 
maintaining the voltage phase angle the same in 
all the feeders. For two feeders it is possible to 
couple the regulators mechanically so that they 
always operate simultaneously, but this fre- 
quently has disadvantages, limits the site position 
in the substation, and is not flexible for exten- 
sions. Various arrangements have, therefore, been 
devised for simultaneous operation. The scheme 
shown diagrammatically in Fig. 11 has been used 
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successfully with as many as four parallel feeders, 
and the positioning has been so accurate that it 
is impossible to observe from the switchboard 
ammeters which is the automatically controlled 
master regulator and which are the “ trailers.” 
A potentiometer resistance (1) is mounted on each 
regulator and has its sliding contact (2) geared 
to the regulator rotor. A sensitive polarized 
relay (3) is connected between the slider of the 
master regulator and each of the trailers. The 
contacts of this relay close the ‘‘raise’’ or ‘‘ lower” 
voltage motor contactors, thus restoring the 
“ trailing ’’ regulator to the same angular position 
as the master. This system is very simple, and 
will be recognised as an adaptation of the Wheat- 
stone bridge and galvanometer. A centre-zero 
voltmeter (4) is connected between the centre 
point of the potentiometer resistance and the 
slider, and is scaled in electrical degrees displace- 
ment from neutral. It is possible by this means 
to bring any regulator into the same angular 
position before switching it into service. 

The parallel operation of single-phase, or twin 
3-phase, regulators may be accomplished by means 
of the potentiometer method, but it is more 
frequently desired to balance the load on the 
feeders irrespective of the angular position of the 
regulator. Where line-drop compensation is used 
this load balancing may be roughly obtained by 
connecting the line-drop compensators of one 
feeder to the current transformers of the adjacent 
parallel feeder. This is comparatively insensitive, 
as with 5 per cent. line-drop compensation and 
voltage relays set for + 1} per cent., one feeder 
can fall to 75 per cent. load and the other rise to 
125 per cent. load before there is any tendency 
to restore balance. A much more sensitive load 
balancing has been used by the author, in which 
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Fig. 7.—Voltmeter chart, showing ripple band. 
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Automatic Regulators controlling simultaneously four 
10,000 kVA., 6,600-volt feeders. 


High-speed Regulator operated by 
an oil servomotor. For + 10% 
regulation of a 300 kVA., 400-volt 
feeder. 


An Automatic Induction Voltage Regulator and an 
Interconnected Star Balancer in a Kiosk. 
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Line-dro 
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(IR+jIX) 
Fig. 10.— Automatic control by differential relay. 


additional current transformers are used, as 
shown in Fig. 13, to effect the load balancing. 
The current transformers (1) and (3) in one feeder 
are connected in series with (2) and (4) in the 
adjacent parallel feeder. If the currents are 
balanced in the two feeders, or distributors, the 
secondary currents circulate freely, but if one 
feeder has a higher current the excess secondary 
current cannot pass through the high impedance 
of the other transformer and is forced through 
the line-drop compensators, tending to raise the 
voltage of the lightly loaded feeder and depress 
the voltage of the more heavily loaded feeder 
until balance is restored. These additional current 
transformers, used for balancing purposes only, 


D.C.supply 
+ 
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voltmeter as ' 
1 1 


ndicator relay (3) 


Fig. 11.—Parallel operation by potentiometer method. 
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may with advantage be made of a different ratio 
from the compensating transformers, thus en- 
hancing the sensitivity. 

PosiTIoN OF REGULATOR IN FEEDER. 

No hard-and-fast rules can be set down for 
the point of application of induction regulators 
in a feeder. The technical and financial con- 
siderations are so varied that each case has to be 
worked out on its own merits. The fundamental 
conditions, however, can be stated. 

In general, it is most economical to insert the 
induction regulator at the sending end of a feeder. 
In this position the primary winding is on the 
incoming constant-voltage side and the primary 
current has not to be passed through the regulator 
series windings. The internal kVA capacity of 
the regulator. and therefore the cost, is reduced. 


Potential 
transforme. 


Feeder 1 
Feeder 2 


Line} drop|compensator 


Current 
transformers 


(1) (3) (4) (2) 


Fig. 13.—Load balancing on parallel feeders. 


More important, however, is the saving in trans- 
mission, as the increased voltage at the sending 
end means a smaller current to be transmitted 
for a given kVA received. This may be utilised 
either as a reduction in transmission losses and in 
size of regulator, or to cheapen the cost of the 
transmission line itself. For heavy feeder-drops 
a balance may be found where the sum of trans- 
mission line cost, regulator cost and capitalised 
cost of the losses is a minimum. 


(To be concluded.) 
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THE FAR EAS 


The above illustration shows one of the electric locomotives 
a L tc C ’ R | and its battery tender made by the English Electric Co. Ltd. 


for the South India Railway—Madras Electrification. 


Normally the locomotives obtain their power from an over- 
i RAC I iO N head supply, but when the terminus of the electrified section 


is reached they pick up a tender containing batteries which 


IN supply power for the remainder of the run. 
The batteries play a vital part in ensuring the success of the 
scheme—they must be efficient and reliable to the highest 
| N D i A possible degree. This explains why D.P. Kathanode Batteries 
were chosen. 


THE D.P. BATTERY CO. LTD., BAKEWELL, DERBYSHIRE 
continent, 50 GROSVENOR GARDENS, VICTORIA, S.W.1. 


Each tender is 

with a Kathanods Battery J24 
consisting of 240 KAL.26 
cells, having a capa- 
city of 360 ampere-hours 
5-hour discharge 
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INSULATING COMPOUNDS 


USED IN BOTH HEMISPHERES 


THE DUSSEK BITUMEN CO,LT® 


Empress Wharf Bromley-by- Bow, London.E3 


TELEGRAMS: TRINIDITE" BOCHURCH ,LONDON TELEPHONE: EAST 412'7ann O544 


STEEL SECTIONS 
MERCHANT BARS + FLITCH PLATES 
HOOPS, ETC. 


Full range of sizes and large tonnages always in stock. 
MONTHLY STOCK LIST MAILED ON APPLICATION. 


|| 


HALL BROS (West Bromwich) 


EAGLE WORKS-GREETSGREEN 
A = WEST BROMWICH 


: No. 0910 (4 lines) 


Qelegrams Eagle, West Bromwich. 


ere We can suppl i i 4 
OR ALL~ pply your requirements immediately 
rf from stock at the lowest possible prices. 
~——~-—Highest quality only.———— 
= SHEETS SPECIALLY SHEARED FOR ene 
CUSTOMERS’ REQUIREMENTS DOWN TO 3'. 
ZA 
STEEL, PLAIN & CHEQUERED PLATES 
: 
=. 
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“ENGLISH ELECTRIC” 
STEEL TANK 


Mercury 


“| 


@ SPECIAL FEATURES 


| Particularly effective and mechanically 5 Efficient Cooling System economises 
sound form of vacuum seal without Water. 
the use of mercury. 6 Every detail of rectifier and its auxil- 
iaries carefully developed to a high 
stage of perfection. 

7 Self-contained and easily transportable 
unit with all auxiliaries readily access- 


2 Special precautions taken to obviate 
‘back fires’’ and to render them harm- 
less if they occur. 


3 Efficient and reliable exhausting equip- ible. 
ment. 8 Has a record of proved reliability, 
4 Simpleand reliable ignition and excita- economy, and simplicity extending 
tion system. over more than ten years. 


Write for Descriptive Publication No. M76 


ENGLISH 


ELECTRIC COMPANY LTD. 


Queen's House, Kingsway, London, W.C. 2. 
Works: BRADFORD, PRESTON, RUGBY, STAFFORD. 
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PATENT ENCLOSED CIRCUIT AIR COOLERS 


for the ventilation of Turbo-Alternators are GUARANTEED 
to provide a continuous supply of cool, clean, dry air which can 
be relied on in any climate. Moreover, by means of this 
simple system, running expenses and risk by fire are reduced 


ae to a minimum. 
, The following is a Small Selection of Names of Purchasers :— 
nF Aberdeen Corporation Hull Corporation Stepney, Met. Borough 
British Admiralty London Power Gon Stockport Corporation 
if Barnsley Corporation oad Stn.) 8t. Pancras Boro’ Council 
aif Bradford Corporation London Power m. Woolwich Corporation 
N Bedford Elec. Dept. (Deptford 8tn.) Worcester Corporation 
mf Brush Electrical Eng. Co. Leicester Corporation Yorks Elec. Power Co. 
sé Ltd. Lancs. Dynamo & Motor Auckland Power 8tn. N.Z. 
4 British Brown-Boveri Ltd. Co. Ltd. Adelaide Tramways 
a British Thomson-Houston Marylebone Corporation Athens, 8t. George’s 
0. Ltd. Metropolitan-Vickers Power 8tn. 
lt Consett Iron & Steel Co. Electrical a Ltd. Centrale de Droogen- 
Ltd. Newport (Mon.) Cor, bosch (Brusse!s) 
4 English Electric Co. Ltd. Ocker Hill Generating Stn. Capetown Suburban Rly. 
if Edinburgh Corporation Oerlikon L Eastern Bengal Rlys. 
| Formby Depot (L.M.8. Rly.) Perak Power Station 
General Electric Co. Ltd. Preston Corporation State Coal Mines (Holland) 
Clasgow Corporation Powell Duffryn 8.C. Co. Ltd. 
’ dames Howden & Co. Ltd. 8. Wales Power Co. Ltd. Etc., Etc. 
ease sen ‘or descriptive Literature. 
: Pl d ford Li 
f HEENAN & FROUDE, LTD. 
WORCESTER . ENG. 


ILLUSTRATION SHOWS TYPICAL ‘“*HEENAN”’ ENCLOSED CIRCUIT AIR COOLING UNIT (Note Hinged Doors to facilitate cleansing of Tubes). 


MIDLAND STEEL C° L* 


REGISTERED OFFICE, WEDNESFIELD, NR. WOLVERHAMPTON. 


Manufacturers of 


BLACK SHEETS, CLOSE ANNEALED SHEETS, 

CR. & CA. SHEETS, PATENT FLATTENED SHEETS, 

PICKLED SHEETS, PLATES, +” THICK & UNDER, 

CIRCLES, Etc. ALSO SPECIAL DEEP STAMPING 
& WELDING QUALITY. 


— WORKS 


WEDNESFIELD STEEL CO., MIDLAND SHEET CO., 


WEDNESFIELD, Nr. WOLVERHAMPTON. BRICKHOUSE WORKS, WEST BROMWICH. 
Phone: WOLVERHAMPTON 675. Phone: WEST BROMWICH 0230. 
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AXOLIN (Rega) INSULATION 


& BUSHINGS 
ON TRANSFORMERS 
FOR THE NATIONAL GRID 


One of two 45,000 kVA,  132,000/66,000 volts. 3-phase 
Transformers supplied by the English Electric Company, 
Limited, for the Mid-East England Electricity Scheme. 


66,000 volts outdoor type condenser Bushing 132,000 volts outdoor type condenser Bushing 
for heavy current duty. The conductor is with M.I.C. adjustable socket, facilitating 
brought straight through the Bushing, thus the connecticn of the transformer lead in the 


eliminating all contact surfaces, top cap of the Bushing. 
Dry Flashover Voltage 230,000 volts Dry Flashover Voltage 400,000 volts 
Wet 180,000 ,, Wet 325,000 ,, 
One minute Pressure test 160,000 ,, One minute Pressure test 300,000 F 
Current capacity 800 amperes Current capacity 200 amperes 


The Bushings illustrated in detail, and all the Insulation of the ‘‘ on 
load’’ tap changing gear shown on the above Transformers, were 
manufactured by 


THE MICANITE AND INSULATORS COMPANY, LIMITED 


‘THE MICANITE INSULATORS 


of 


LIMITED 


by 
XV 
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v 
Electrical Insulation Enginee 
WALTHAMSTOW 
LONDON, E.17 = 
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Asquith: 


The name _ that signifies 


SUPREMACY in the World 
of Drilling Machines. 


The latest Motorised S.C. and 
O.D. Types of Radial Drilling 
Machines have enhanced the 
world wide reputation of 


ASQUITH Products. 


Output doubled: 
in cases 
trebled. Power 
Costs halved. 


Such are actual results 
achieved by these types. 


Concentrated Control—Every Working Control con- 
fined within a very limited space actually on the 
spindle slide, resulting in saving in adjustment time 
and operator’s fatigue. 


Send for Lists R.43 and R.44 
describing 


The Drills You MUST eventually instal. 


William Asquith, Limited, . 
Well Royd Works, 
Halifax. 
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THE “‘NESTA” REVERSIBLE AND 
RECEDING TYPE TRAMCAR SEAT. 


Unlike the old type of Reversible Tramcar Seat with 
advancing motion the new ‘Nesta’ Reversible Seat 
has a receding movement of the seat cushion with 
every reversible action of the seat back. This allows 
the end units to be placed nearer the fixed seats, 
thereby doing away with wasted space here, and giving 
two inches more room between seats. 


This seat complies with local regulations and no damage is possible 
to passengers’ clothing. 


Send for a copy of our complete catalogue of Seats and Seatings. 


& ENGINEERING [9 |z2 


2 & 3. NorRFOLK STREET. STRAND. W.C.2. 


Telephone : Telegrams : 
TEMPLE BAR 1088. KHARPARTS, ESTRAND, 
(2 Lines.) LONDON.” 
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the 


JAMES WALKER 
PAL 

ENQUIRIES INVITED. FT & Co., Ltd., 

“LION” WORKS, WOKING, 

SURREY. 

Phone: Woking 1040, Grams: Lioncelle. 
SPECIALISTS IN THE 
DESIGN AND MANU- 
FACTURE OF PACK- 
INGS, JOINTINGS AND 


MECHANICAL RUBBER 
GOODS. 


Write for CATALOGUE No. 215 
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HIGH PRODUCTIVE CAPACITY 


COUPLED WITH 
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are but two of the many 
Kendall & Gent 
Plano Mill features 
which will help 

to reduce your 
production 
coats. 


The illustration shows one of the latest medium-sized Kendall & Gent Plano Milling Machines, having a capacity 
of 3ft. wide, 2 ft. 6ins. high and 6 ft. long. 


LEADING FEATURES. : 
Simplicity of table feed motion controls Write for further particulars to.= 


by means of single “ joy ’’ stick lever. 
Stationary handwheel for table when ASSOCIATED BRITISH MACHINE 


using quick power traverse. TOOL MAKERS LT? 
Table controls on each side of machine. 17, Grosvenor Gardens. 
Combining strength and stability with LONDON. S.W./. 
compactness. 

Splined spindles and splined shafts in ' 
gearboxes. 

Independent starting and _ stopping D 

clutches on each spindle. A 


Micrometer dials, rules and pointers 
on all feed motions. 
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| A splendid surface for plating, 


enamelling and decorative 
processes. 
Uniform in size and accurate in 


| gauge. 
Easily fabricated and manipulated. 
Competitive in price. 

: May we send you a copy of ‘* Tube 
Products’’? 


cess 
like you to read if you are interested. 


OLDBURY, BIRMINGHAM. | 
& Telephone : Telegrams : 
Tuproducts, Oldbury.’’ 


Broadwell 1651. 
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STRICT ECONOMY 


IS BOUND TO BE EXERCISED FOR A LONG TIME TO COME 


REDUCED COSTS 


ARE BEING DEMANDED 


LUXURIES 


ARE TO BE CUT OUT 


TIME SAVING 


IS MONEY SAVING 


LABOUR COSTS 


WILL REMAIN HIGH 


QUALITY OF MATERIAL 


WILL BE REDUCED 


It is going to be a Very Difficult Time 


WE MAY BE ABLE TO HELP YOU IF YOU 
CONSULT US ON YOUR PRINTING MATTERS 


STRAKER BROTHERS LIMITED 


PRINTERS, PUBLISHERS, STATIONERS AND ACCOUNT BOOK MAKERS 
THE BISHOPSGATE PRESS 


194-200, BISHOPSGATE LONDON, E.C.2 
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